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Patent disputes are in the news again with
the start of litigation between Osram and
Kingbright.This is not the first such
defence of IP, nor will it likely be the last in
the area of LEDs. Below are some recent
examples of patents involving nitride-based
materials and devices.
A Japanese company that has been
involved in battles over LED IP is Toyoda
Gosei. It is also one of the more prolific
patenters of its technology. Recently, it has
been awarded several key new ones
including US Patent #7,045,829, for Koike,
et al., which involves a III-nitride multiple
layer structure having, amongst other
things, a p-type cladding layer with a for-
bidden band sufficiently wider than the
forbidden band of the emission layer in
order to confine electrons injected into
the emission layer.
In US Patent #7,042,153, Uemura et al.,
the LED includes a light-emitting layer for
blue light and a second layer for emitting
green light.These are combined to pro-
vide a third light having a blue-green
light.
Taiwanese companies are also hot on the
trail of LED-related IP. For instance, US
Patent #7,042,019, for Wu, et al., of
Formosa Epitaxy Inc., describes a GaN
multi-quantum well (MQW) LED n-type
contact layer structure. Instead of using Si-
doped GaN as commonly found in con-
ventional GaN-based MQW LEDs, the n-
type contact layer provided by this inven-
tion achieves high doping density
(>1x1019cm-3) and low resistivity through
a superlattice structure combining two
types of materials:AlmInnGa1-m-nN and
AlpInqGa1-p-qN, each having its specific
composition and doping density. In addi-
tion, by controlling the composition of Al,
In, and Ga in the two materials, the n-type
contact layer would have a compatible 
lattice constant with the substrate and 
the epitaxial structure of the GaN-based
MQW LEDs.This n-type contact layer,
therefore, would not degrade from the
heavy Si doping, have a superior quality
and reduce the difficulties of forming n-
type ohmic contact electrode. In turn, the
GaN-based MQW LEDs would require a
lower operation voltage, they claim.
Probably the top short wavelength LED
provider in Japan is, of course, Nichia. It
also publishes patents fairly often. For
example, #7,042,017 for M Yamada, who
also has covered MQW active layer devices.
Present approaches to achieve white light
have some problems. For instance, when
mounting several LED chips on the same
stem to produce white light, they have to
be as close as possible to each other in
order to improve colour mixing. But the
finite sizes of the chips limit the improve-
ment.Also, when using a fluorescer to pro-
duce the white light, a step for applying flu-
orescer on the chip is required, which is
complicated. Plus the luminous efficiency is
theoretically reduced compared to the
multi-chip approach.The new Nichia inven-
tion is directed to providing such a light-
emitting device which can emit white light
by itself.
Nichia is also well-known for its diode
laser know-how. In US Patent #7,015,053
for Kozaki, et al., a nitride laser with
improved stability of the lateral mode
under high output power and a longer
lifetime, is described.The device can be
applied to write and read light sources for
DVDs. It has a waveguide region of a
stripe structure formed by etching from
the p-side contact layer.The stripe width
provided by etching is within the stripe
range of 1 to 3-microns and the etching
depth is below the thickness of the p-side
cladding layer of 0.1-microns and above
the active layer.
Interest in nitride devices is not restricted
to optoelectronics. Naturally, Cree has a
major stake in LEDs but is bringing on 
III-nitride microelectronics. For instance,
in US Patent #7,045,404, for ST Sheppard,
et al., ‘nitride-based transistors with a 
protective layer and a low-damage recess
and methods of fabrication thereof’ are
described.
In SiC, Cree, Inc., has a new patent
#7,033,912, for AW Saxler, where a device is
formed by SiC on diamond substrates.
These high-power, high-frequency devices
include diamond to increase thermal con-
ductivity of the resulting composite wafer.
Thereafter they reduce the thickness of
the SiC part while retaining sufficient
thickness to support epitaxy and adding a
Group III nitride heterostructure to the
prepared SiC face.Also in this area, the
author has a patent (#7,030,428) describ-
ing strain balanced nitride heterojunction
transistors.
Yoshida, et al., from Furukawa Electric Co.
Ltd., have been awarded US Patent
#7,038,253, for a GaN-based FET of a 
normally-off type.They reckon it is a new
field-effect transistor with an extremely
small on resistance during operation which
is capable of a large-current operation.
SiGe HBT beats record
Record-breaking results from SiGe are
almost expected these days. One such
recent example comes from Zhenqiang
(Jack) Ma,Assistant Professor, at the
Department of Electrical and Computer
Engineering, University of Wisconsin-
Madison. He and his team reported their
recent breakthrough on high frequency
and high power SiGe power HBTs in the
May issue of IEEE Electron Device Letters.
The work was supported by the National
Science Foundation.
“With a new compact design and upscaling
method of emitter stripe widths, we have
made a new record performance for SiGe
power HBTs.This is more than five times
improvement over the previous state-of-art,
reaching 3.8x105mWGHz2.This is a similar
order of performance as shown by GaAs-
based power HBTs operating in the similar
frequency band.
A testimonial came from Prof. Katehi, a mem-
ber of National Academy of Engineering and
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an expert of microwave engineering. She
said,“these results are amazing. Usually you
have to resort to Class E or F power amplifi-
cation mode to reach the PAE (61%) level that
we got at this high frequency. In fact, we used
only class AB mode.”
The paper, which appears in IEEE Electron
Device Letters,Vol. 27, No. 5, May 2006 371, is
entitled “Ultrahigh-Performance 8-GHz SiGe
Power HBT”and contributors were Guogong
Wang, Hao-Chih Yuan and Zhenqiang Ma. It
demonstrates state-of-the-art SiGe HBTs in
common–base configuration giving a continu-
ous wave output of 27.72dBm with a concur-
rent power gain of 12.19dB at a peak power-
added efficiency of 60.6%.This was measured
on a single SiGe HBT with a 3-µm emitter fin-
ger stripe width, see Figure 1 with a 1340µm2
total emitter area.
Jack says that the highest power-perform-
ance figure of merit resulted from their opti-
mized SiGe heterostructure together with its
compact device layout.This was made possi-
ble with a heavily doped base region.
Unfortunately, high-PAE values (>50%) have
never been achieved for single SiGe power
HBTs operated at X-band and beyond with
an output power of over 0.5W.While SiGe
HBTs have shown the promise for RF and
microwave applications with a higher level
integration than the III–V counterparts, it 
is vital to develop high-frequency (C and 
X-bands) power SiGe HBTs that exhibit a
higher power gain and a higher efficiency
to make these devices fulfil the require-
ments of power amplification in these 
frequency ranges.
Mid-infrared detectors
Development of uncooled detectors for the
mid-IR detection range is important for a
broad range of potential applications.Today’s
IR imaging arrays are based on either HgCdTe
or intersubband quantum well photon detec-
tors, but these are well known for the prob-
lems, associated with cryogenic cooling in
order to produce high sensitivities.
A new material system, based on alternating
thin layers of InAs and GaSb, is attractive
owing to its intrinsic flexibility for tailoring
the band gap, see Figures 2 and 3. Moreover,
the band structure can be designed to
reduce the Auger recombination and tun-
nelling current making room temperature
operation possible.
New advances in realizing this system
have been reported in the paper entitled
"Pushing the envelope to the maximum:
Short-period InAs/GaSb type-II superlat-
tices for mid-infrared detectors" written by
Heather Haugan and her colleagues (F.
Szmulowicz, G.J. Brown, B. Ullrich, S.R
Munshi, L. Grazulis, K. Mahalingam and S.T.
Fenstermaker) at the US Air Force
Research Laboratory in Ohio, USA.The
team used a new iteration of their enve-
lope function approximation model to
design a series of superlattices for the
mid-IR (3-5µm) detection threshold.The
new feature of the model is its inclusion
of symmetry lowering at interfaces due to
the presence of either GaAs- or InSb-like
bonds between InAs and GaSb layers. The
model predicts that the thinner designs
hold a promise of higher mobilities and
longer Auger lifetimes, thus higher detec-
tor operating temperatures.
The suggested short-period designs ranging
from 50 to 21 Å were grown by molecular
beam epitaxy. The band gap measured by 
5-K photoluminescence from various
designs was around 340-320 meV. Although
the low temperature wavelength threshold
is near 4 µm, by room temperature, this cut-
off wavelength would shift to around 5 µm,
thus covering the full 3-5 µm atmospheric
window for infrared sensing. The overall
material quality grown by this group was
excellent, as shown in Figure 2 and 3. After
in-situ annealing, the photoluminescence
spectra exhibited a remarkably narrow full-
width at half maximum of 5 meV for the
luminescence peak.
Heather says "Since our superlattice sys-
tem has the unique type-II band align-
ment, its band gap can be tuned to the
mid-IR detection range by growing short-
period SLs. But growth of high-quality
uncooled mid-IR detectors using superlat-
tice materials is still quite challenging due
to the complexity of growing alternating
thin layers. Even so, by selecting the prop-
er theoretical model and continuous
efforts on material improvements, the
research will lead us closer to achieving
uncooled mid-IR detectors.
Figure 1. SEM photomicrograph of fabricated mesa-type multifinger CB SiGe
HBT. The total emitter area AE is 1340µm2, the WE is 3µm with a total of 14
emitter stripes. Stripe length was 30µm.
Figure 2. A transmission electron microscope image of am InAs/ GaSb 
superlattice, with InSb-like interfaces, showing the GaSb (bright) and InAs
(medium-dark) layers.  The dark lines delineate the intended interfaces.
Figure 3. An atomic force microscope image 
of the 22Å In As/27Å GaSb superlattice, with
InSb-like interfaces scanned over 5x5µm2 area
showing atomic step growth.
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